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dve-1、UBL-5 和 ZC376.7 的诱导和定位，激活伴侣分子如 HSP60 的表达，所以
dve-1 可以调控 UPR 通路，调节线粒体功能，从而影响细胞寿命。DVE-1 在线虫
胚胎发育和线粒体形态的维持方面都发挥着重要的作用。 
编码 cold-shock / Y-box 域的 cey-3 基因参与转录调节，参与形成核蛋白复合
体，还可以与 DNA、核酸及核糖核蛋白结合。已有研究表明，在 C.elegans 中
CEY-3 可与 RNA 解旋酶 CGH-1 结合。而 CGH-1 是一个重要的蛋白，当 CGH-1
缺乏时，生理凋亡显著升高，并且可能形成非功能性配子。另外，CEY-3 可与
CGH-1、CAR-1 形成核糖核蛋白（RNP）复合体，这种多功能复合体负调节生理
生殖细胞的凋亡，并且可能参与翻译水平调节。所以 cey-3 在 C.elegans 的细胞
凋亡调节等过程中起到重要的作用。 






NHR 家族的 nhr-91 基因的哺乳动物直系同源物-生殖细胞核因子（GCNF）
已经证明在鼠中可以促进神经干细胞的分化。有研究表明，nhr-91 与真核生物的
Rnase L 抑制剂 ATP 结合核蛋白 E（ABCE）有相互作用，ABCE 和 NHR-91 在
C.elegans 中可能在阴门发育和蜕皮通路中有作用。一种微 RNA，即 miR-235，
它在胰岛素/IGF 信号作用通道的下游发挥作用，调制母细胞的静止状态。nhr-91




















等方法研究了 DVE-1、CEY-3、CEH-6 以及 NHR-91 四种蛋白的功能，并通过
ClustalX 和 Bioedit 软件分析了这几种线虫中的蛋白与人和小鼠同源蛋白序列的
相似性情况。 
本文首先用 RNAi 的方法研究了这几种基因沉默后对线虫虫株 N2、daf-2
（e1370）和 daf-16（e1038）寿命的影响，dve-1 和 nhr-91 RNAi 对线虫的寿命有
明显的缩短效应，dve-1 的缺失还会导致严重的胚胎致死和不孕，对孵化率也有
很大的影响；cey-3 和 ceh-6 在 daf-16（e1370）虫株中对寿命基本不影响，它们
的缺失在 N2 虫株中会使寿命缩短，而在 daf-2（e1038）虫株中寿命则有所延长，
ceh-6 的缺失也会使产卵量大大降低，使孵化率略微下降。 
免疫荧光定位发现这四种蛋白在线虫体内都有广泛分布，在胚胎时期，
DVE-1、CEY-3 和 CEH-6 胚胎时期都集中分布在细胞质，而 NHR-91 在分布在
细胞核中。在成虫体内，CEY-3 主要分布在生殖腺中，而 CEH-6、DVE-1 和NHR-91
在肠道和生殖腺部位均有分布。 
为了进一步研究这四种基因对寿命的影响原因，用 RT-PCR 的方法检测了
DVE-1、CEY-3、CEH-6 和 NHR-91 在 N2、daf-2（e1370）和 daf-16（e1038）虫
株中的表达情况。结合 western blot 实验结果表明在 daf-16（e1038）中 DVE-1
的表达量增加，在 daf-2(e1370)中表达量降低，则 DAF-16 会抑制 DVE-1 的表达，
daf-2 是 DVE-1 表达所必需的。在 daf-2(e1370)和 daf-16(e1038)虫株中，CEY-3
和 CEH-6 表达量均降低，说明 daf-2 和 daf-16 是 CEY-3 和 CEH-6 表达所必需的。




















The changes of the mitochondrial folding environment can induced the 
expression of the mitochondrial partner protein by influencing the nuclear genes 
encoding, thus cause the mitochondrial unfolded protein response (UPRmt).  These 
responses can lead to the increase of protein folding ability, inhibit protein into cells 
or inhibit protein expression, increase the level of protein degradation, and have the 
potential to cause cell death. Mitochondrial unfolded protein response (UPR) in 
Caenorhabditis elegans can activated chaperone (eg. HSP60) expression by affecting 
the induction and location of dve-1, UBL-5 and ZC376.7. So dve-1 can modulate UPR 
pathway, regulate mitochondrial function, affect the lifespan of C.elegans. DVE-1 
play an important role both in C.elegans embryos development and mitochondria 
morphology maintain. 
 cey-3 which encoding cold-shock / Y-box domains involved in transcriptional 
regulation and the formation of nucleoprotein complexes, and can also be combined 
with DNA, nucleic acids and ribonucleoprotein. Existing research has shown that 
CEY-3 can combine with RNA helicase CGH-1 in C.elegans. CGH-1 is an important 
protein. The lacking of CGH-1 will lead to a significant rise in physiological 
apoptosis, and may form a non-functional gametes. In addition, CEY-3, CGH-1 and 
CAR-1 can form a ribonucleoprotein (RNP) complex. This kind of multi-functional 
complex can negative regulating physiological germ cell apoptosis, and may be 
involved in regulating the level of translation. So cey-3 play an important role such as 
in the process of apoptosis regulation in C.elegans. 
ceh-6 is one of a homeobox gene in C.elegans. Homeobox gene is a set of 
transcription factors which have important function in development. It has a great 
homology with the corresponding genes in vertebrates. In vertebrate, it can be 
expressed in many parts of the nervous system, especially in the brain and spinal cord. 
In C.elegans, ceh-6 can be expressed and have functions in many different types of 
















role in the function of excretory cell. The abnormal structure or function of excretory 
cell may prevent the remove of toxic substances, and can lead to the lack of exercise 
and comprehensive symptoms of the worms. 
nhr-91, a member of the NHR family, whose mammalian orthologue germcell 
nuclearfactor (GCNF) has been shown to promote differentiation of neuralstem cells 
in mice. Research has shown that NHR - 91 can combine with ABCE, ATP-binding 
cassette protein E (ABCE) gene has been annotated as an RNase L inhibitor in 
eukaryotes. ABCE and NHR-91 may function in vulvae development and molting 
pathways in C. elegans. The microRNA miR-23 has roles in the downstream of 
insulin/insulin-like growth factor (IGF) signalling  pathway, then couples blast-cell 
behaviours to the nutritional state. nhr-91, one of the miR-235 targets, can participate 
in the regulation of the stationary state of blast-cell. 
 Therefore, study the function of these genes through the study of control 
mechanisms of aging and longevity in C. elegans, and applied the results to mammals, 
will have great significance in extending life expectancy and improving the quality of 
life for people. The function of the four proteins DVE-1、CEY-3、CEH-6 and NHR-91 
were studied by molecular cloning，protein expression，RNAi，immunofluorescence 
and RT-PCR. In addition, ClustalX and Bioedit softwares were used to analyze the 
identity of those proteins between C.elegans and human as well as mouse. 
The effects of four genes on lifespan of N2, daf-2 (e1370) and daf-16 (e1038) 
were studied by RNAi. The lifespan of N2，daf-2(e1370) and daf-16(e1038) were 
significantly shortened after dve-1 and nhr-91 RNAi. dve-1 depletion by RNAi leads 
to sterility and embryonic lethality but had no significant effect on the hatching rate. 
After cey-3 and ceh-6 RNAi, there was no significant effect on lifespan of 
daf-16(e1038), the lifespan of N2 were shortened and the life span of daf-2(e1370) 
were extended. ceh-6 depletion by RNAi resultes in significant decline in fecundity, 
and the hatching rate fell slightly.  
Immunofluorescence localization of these four proteins revealed that they widely 
















CEH-6 are concentrated in the cytoplasm，and NHR-91 are concentrated in the 
nucleus. In the adult, CEY-3 were more localized in gonads. CEH-6, DVE-1 and 
NHR-91 were distributed in both intestine and gonad. 
To further study the mechanism of lifespan change caused by the four genes 
RNAi, RT-PCR were used to detect the expression of DVE-1、CEY-3、CEH-6 and 
NHR-91 in N2，daf-2 (e1370 ), daf-16 (e1038). The results of RT-PCR combine with 
the western blot indicated that the expression of DVE-1 is increased in daf-16 mutants 
and declined in daf-16 mutants. It indicates that DAF-16 can inhibit the expression of 
DVE-1 and daf-2 is necessary for the expression of DVE-1. The expression of CEY-3 
and CEH-6 is declined in daf-2 and daf-16 mutants, the results of RT-PCR indicated 
that daf-2 and daf-16 is necessary for the expression of CEY-3 and CEH-6. The 
expression of NHR-91 is significantly increased in daf-2 mutants, indicates that daf-2 
can inhibit the expression of NHR-91. The result of the study indicates that these four 
proteins may involved in insulin/IGF-1 signaling pathway, thereby regulating the life 
of the nematode. These results will be validated in the experiment of the interaction of 
protions. 




















学家 Sydney Brenner 作为一种模式生物来研究胚胎发育及遗传学等问题，如今这
种小的土壤线虫已经成为研究各种生物及医学问题的非常重要的模式生物[1-7]。




图 1-1 在 22 度下线虫的生活史 
Fig.1-1 C.elegans life cycle at 22˚C 

















1. C.elegans 中 dve 基因的研究 
1.1 dve 基因的相关介绍 
dve-1 即 DVE (Defective proVEntriculus in Drosophila) 。在 C.elegans 中 dve-1
基因长度为 6739nt，含有 8 个内含子，编码序列长度为 1407nt，翻译后蛋白含有
468aa。dve-1 编码三种含有一个 CMP 结构域以及两个同源异形结构域[9]的蛋白。            
在 C.elegans 中线虫胚胎发育和线粒体形态的维持都需要 DVE-1。通过删除





象，与 DNA 结合的 Hoechst 染料的颜色位置暗示着内源性蛋白的核定位。大多
数的细胞都有一些 DVE-1 染色点，但是最强的信号是在富含线粒体的肠道前体
细胞中发现的[10]。 

























图 1-2 CLPP-1、DVE-1、UBL-5 在 UPRmt 中假设关系的框架 
Figure 1-2 Scheme of the hypothesized relationships of CLPP-1, DVE-1, and UBL-5 in the 
UPRmt.  
（引自 Cole M. Haynes，2007） 
细胞对于线粒体基质中的未折叠和错误折叠的蛋白质的反应人们还知之甚
少。未折叠的蛋白在线粒体中的反应与介于包含同源异构与结构域的转录因子
DVE-1 和一种类泛素蛋白 UBL-5 之间的复合物的形成有关。而秀丽隐杆线虫线
粒体中未折叠蛋白反应（UPR）通过影响 dve-1、UBL-5 和 ZC376.7 的诱导和定
位[10]，激活伴侣分子如 HSP60 的表达(图 1-2)[14]。 
Hsp60 为热休克蛋白，是一个分子伴侣，能够结合和稳定另外一种蛋白质的
不稳定构象，并且能够促进新生多肽链的折叠、装配及跨膜运送[15]。正常条件
下, HSP60 以稳定状态存在于细胞质和线粒体基质中; 应激条件下,HSP60 迅速从
胞质中转移到线粒体基质以修复线粒体基质中的变性蛋白[16]。  




1.3 dve-1 基因在其他生物中的研究 
1.3.1 dve-1 的同源基因 
在其他许多生物中，也都有 dve-1 基因的同源基因。例如，Pristionchus. 
pacificus， Homo. sapiens，Caenorhabditis. briggsae，Caenorhabditis. brenneri，



















图 1-3 蛋白质比对最佳匹配 




肠。在腹外胚层中，dve-1 的表达是被 Spitz 诱导的，它是 EGFR 的一个配体。
在 Spitz 突变体中，dve-1 只在腹外胚层缺少，而当 Spitz 过度表达时，它会导致
腹外胚层中 dve-1 的异常活跃，而在中肠中 dve-1 的表达依赖于 Decapentaplegic 
(Dpp)信号传导，它的变化也会导致在中肠 dve-1 表达的减少。这两个结果说明










     在现代人类细胞中，拥有该基因的同源基因 SATB1 和 SATB2。其中 SATB2
和 UBL5（和 UBL-5 是直系同源的）也构成一个充满活力的复合体，但是这个复













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
